Somatosensory evoked potentials (SEP) can be measured in the term newborn infant and given an index of function in the areas of the brain most likely to be damaged in perinatal asphyxia. We studied the median nerve SEP in 30 asphyxiated term infants over the course of their encephalopathy and until discharge from the neonatal unit. Three types of response were noted: normal waveform, abnormal waveform, or absence of cortical response.
Perinatal asphyxia remains the single most important cause of neurodevelopmental handicap in the term newborn infant. The prognosis of the surviving infant is of importance both to the paediatrician deciding on follow up and physiotherapy and to the parents. The literature contains many reports of attempts to assess the prognosis using clinical examination, biochemical measurements, Doppler ultrasound assessment of cerebral blood flow velocity, electroencephalography (EEG), and computed tomography. [1] [2] [3] [4] [5] [6] [7] Each of these techniques is subject to inaccuracy. Two previous papers have discussed the use of somatosensory evoked potentials (SEP) in perinatal asphyxia on small numbers of infants. 8 9 We undertook to investigate the use of SEP in the prognostic assessment of a group of asphyxiated term infants. The parts of the brain most vulnerable to damage in this condition are the cortex, the immediate subcortical white matter, and the periventicular white matter.'0 The somatosensory pathway traverses these areas and it seems reasonable to suppose that damage to these areas may be reflected in abnormalities of SEP. The SEP traces obtained were stored on an Apple IIe microcomputer for later analysis. The features assessed in the SEP were the shape of the cervical and cortical waveforms, and the latency of the cervical C2 potential (the major cervical potential) and cortical NI (thought to be the first response of the primary somatosensory cortex). The comparative normal values were taken from our own study of 40 normal term infants. '3 All the surviving infants were followed up and assessed at one year of age. This assessment was done by an investigator (MG) unaware of the SEP results or the extent of the encephalopathy. One infant was assessed by his local paediatrician. The other 19 infants were seen in their own homes and had a Griffiths' assessment'4 and a neurological examination performed. The data available, therefore, were the Griffiths' subscale scores the Griffiths' quotient (GQ) and the neurological findings.
Patients and methods

DEFINITIONS
In our study of normal term infants'3 we showed that there was marked variation in both waveform and latency within the range of postmenstrual age 37 to 43 weeks. A strong positive correlation was found between increasing complexity of waveform with shortening of latencies and increasing postmenstrual age. The mean (SD) cervical potentials showed little variability with C2 latency 10-1 (0-7) ms. The NI for the whole group was 30 1 (6 8) but much less widely scattered data were obtained within each of the four waveforms encountered. It was decided to base a decision of abnormality on the appropriateness for the infant's postmenstrual age of the measured waveform and the latency of the measured NI for that waveform. The upper limit of normal latency was taken as the mean plus 3 SD because the control data on normal infants were slightly skewed to the left. We found on repeated runs that normal immature infants may initially have absent cortical potentials that are uncovered by an increase in stimulus intensity or decrease in stimulus frequency and hence the manoeuvres described above were employed to attempt to uncover a waveform when the initial runs showed no potentials.
In the present study of asphyxiated infants the results obtained from cortical electrodes in each individual recording session could then be split into three main groups. (1) Normal: responses appropriate in both latency and waveform for the infant's postmenstrual age. (2) Abnormal: measurable response with either delayed NI (>+3 SD from mean) for the encountered (appropriate) waveform or inappropriately immature waveform with normal NI latency for that form. (3) Flat: complete absence of identifiable response-that is, flat traces on repeated runs.
Results
SEP
A total of Ill studies were performed on the 30 infants giving a mean of 3-7 and a mode of three studies. Three infants had only one study before death and the largest number in any one infant was 10 studies. Eighteen infants were studied on day 1, seven were first studied on day 2, four first studied on day 3, and one on day 7. Cervical SEP were easily measured in all but one infant who was studied only a few hours before death, revealing no measurable potentials. In the other 29 infants cervical potentials were always normal even in those infants who had suffered shoulder dystocia during delivery (two infants).
The usual pattern over the course of the encephalopathy was for a progression of results from abnormality to normality. Asymmetry of response did occur but was seldom marked except in infant 20 (see below). Eleven infants had persistently normal SEP throughout their encephalopathy (pattern A). In addition, a further two infants had abnormal SEP with delayed latency of NI in the first two days but normal SEP results thereafter (pattern B). Nine infants had initial potentials which were absent or severely abnormal and then the potentials were abnormal or absent for a variable length of --1 time before returning in an immature fashion in which they persisted or normalised (pattern C). group.bmj.com on October 14, 2017 -Published by http://adc.bmj.com/ Downloaded from almost as clearcut to pick out those infants at extremely high risk of abnormal neurodevelopmental outcome on the basis of an isoelectric EEG,5 extensive hypodensity on computed tomography,6 severe brain energy depletion shown by 31P nuclear magnetic resonance spectroscopy,16 marked abnormality of Doppler signals from assessment of cerebral blood flow velocity,4 or profound and persisting neurological abnormality.' However, these investigations all leave a grey area of infants with the same test result and differing outcome. The attraction of SEP is the ability to measure an index of function in the areas of the brain most severely affected in perinatal asphyxia.
There have been two previous studies of SEP in perinatal asphyxia. Hrbek et al described the use of SEP and visual evoked potentials in 57 infants.8 Their study is very difficult to assess as they do not state the gestational age of their patients, the method is not described, and there is no data on follow up. However, they developed a scoring system of SEP abnormality and reported those with the highest score (most abnormal SEP) to have the worst asphyxia. A more complete study by Willis The effects of sleep state and of drugs must be considered. The first line anticonvulsant used during our study was phenobarbitone and it has been shown to have no effect on SEP. 18 19 Sleep state is known to alter the waveform and amplitude of the short latency SEP20 21 but not signficantly to affect the latency, which was the major characteristic we assessed. Sleep state is also altered in encephalopathic infants and any test used has to be employed in the circumstances that present.
We have previously shown that there is a wide range of normal latency for NI in the term newborn infant. '3 We described different waveforms which became increasingly complex with increasing maturity. The abnormalities shown in the asphyxiated infants in this study are mostly profound. Criticism could be levelled at the category of abnormality relating to the inappropriateness of the form or latency for the infant's postmenstrual age. Most of the variation in NI latency for the whole group of normal infants (SD 6-8 ms) related to a wide range of NI in the immature waveforms (immature infants), whereas in the mature forms the SD of NI is only 2-2 ms. It was therefore thought important to relate results to maturity of the infant as this was the main variable found in normal infants. It is of note that in the more severely asphyxiated infants when the SEP first returned it was in a form which we found associated with the least mature infants and therefore abnormal for that infant's postmenstrual age. This is consistent with findings of the recovery of EEG in sick neonates.22 Studies in older children with coma2125 have shown that SEP may be lost early on but rapid recovery of SEP is associated with good outcome and sustained abnormality of SEP correlates with poor outcome. We have shown that this is also the case in perinatal asphyxia.
The only infant (number 20) with appreciable asymmetry of SEP had persisting absence of cortical response on stimulation of the left median nerve until discharge from the unit at 17 days. There was improvement over time from abnormal to normal on right median nerve stimulation. This is demonstrated in fig 3. Unfortunately he was not subsequently studied. Computed tomography in the neonatal period showed the appearances of neonatal stroke of the right hemisphere and on follow up he had a left hemiplegia. 26 27 The timing of any neurodevelopmental assessment in a cohort of sick neonates will always have a potential effect on the results. At one, year it is relatively easy to pick out those with unequivocally normal outcome and those with cerebral palsy but a grey area will inevitably remain. Later assessment allows more and more scope for profound influences from upbringing and other illness factors. Piper et al, using the Griffiths' assessment, in a cohort of preterm infants examined at 6, 12, and 24 months, showed that at one year 25% were neurodevelopmentally suspect but only 12% at two years.28 Much of this change was accounted for by movement from the suspect group to frank abnormality. It is likely that some infants in our doubtful group will prove to have clearer abnormalities on later testing.
Prediction of outcome in the perinatally asphyxiated term infant can be difficult but our results suggest that SEP may have a part to play. We were able to confirm that infants with mild encephalopathy all had the same SEP results and a good outcome but that, in addition, a group of infants with moderate encephalopathy and one infant with severe encephalopathy also had the same SEP results and had a normal outcome. In our study the infants with normal potentials by 4 days of age were all neuro-397 group.bmj.com on October 14, 2017 -Published by http://adc.bmj.com/ Downloaded from developmentally normal on follow up at 1 year of age. Sone of the infants with abnormal SEP beyond this time had a normal outcome.
